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WAVELENGTH DISPERSION MEASURING 
DEVICE AND A METHOD THEREOF 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a device measuring 
dispersion on an optical transmission line, and more 
particularly, to a device monitoring a dispersion value of an 
optical transmission line and optimally compensating for 
dispersion. 

2. Description of the Related Art 
Currently, a 10-Gbps optical transmission system starts to 

be put into use. With a sharp increase in netWork use in 
recent years, the demand for further increasing a netWork 
capacity has been growing. Since dispersion compensation 
must be made With high accuracy at a transmission speed of 
10 Gbps or faster, it is essential to accurately measure the 
dispersion value of a transmission line. 

In an optical transmission system of a transmission speed 
of 10 Gbps or faster, its Wavelength dispersion tolerance is 
very small. For example, the Wavelength dispersion toler 
ance of a 40-Gbps NRZ system is 100 ps/nm or smaller. In 
contrast, for a ground optical transmission system, a relay 
section is not alWays uniform. A system using a 1.3 pm 
Zero-dispersion SMF (Single Mode Fiber) of approximately 
17 ps/nm/km exceeds the Wavelength dispersion tolerance, 
even if a relay section varies only by several kilometers. 

HoWever, in an optical ?ber netWork possessed by a 
carrier, most of the distances and the Wavelength dispersion 
values of relay sections are not accurately grasped. 
Furthermore, since a Wavelength dispersion value changes 
With time due to the temperature of an optical ?ber or the 
stress applied to an optical ?ber, etc., the dispersion com 
pensation amount for each relay section must be suitably set 
While strictly measuring the Wavelength dispersion amount 
not only at the start of system use but also in system use. For 
example, if a temperature change of 100 degrees centigrade 
occurs on a DSF (Dispersion Shifter Fiber) transmission line 
of 500 kilometers, a Wavelength dispersion change amount 
results in approximately 105 ps/nm, Which is nearly equiva 
lent to the Wavelength dispersion tolerance of an NRZ 
signal. 

(Wavelength dispersion change amount)=(temperature dependency 
of a Zero-dispersion Wavelength)><(temperature change amount 
in a transmission line)><(dispersion slope of a transmission 

line)><(transmission distance)=0.03 (nm/O C.)><1OO (0 C.)><0.07 
(ps/nm2/km)><5OO (km)=105 ps/nrn 

Where the dispersion slope of a transmission line is a 
differentiated value (ps/nmZ/km) of a dispersion amount, 
Which Will be described later. 

Accordingly, a system automatically measuring a disper 
sion amount is essential not only for an SMF transmission 
line but also for a system using a 1.55 pm Zero-dispersion 
DSF or an NZ-DSF transmission line. 

As a currently used Wavelength dispersion monitoring 
method, the folloWing tWo methods can be cited. 

1. tWin-pulse method 
2. optical phase comparison method 
FIG. 1 shoWs the outline of the con?guration of a Wave 

length dispersion measuring device using the tWin-pulse 
method. 

The tWin-pulse method is a method obtaining a Wave 
length dispersion amount (group delay) by using tWo optical 
pulse signals having different Wavelengths, and by measur 
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2 
ing the delay difference betWeen the tWo pulses after being 
transmitted over a ?ber to be measured. In this case, tWo 
LDs producing different Wavelengths, and their driving units 
are required. 

First of all, an electric signal pulse is generated from a 
pulse generator 10, and at the same time, a trigger signal for 
starting measurement is transmitted to a group delay mea 
suring instrument. The electric pulse transmitted from the 
pulse generator 10 is input to tWo driving units 11-1 and 
11-2, Which are made to simultaneously output optical 
pulses to LDs 12-1 and 12-2 that respectively produce lights 
having Wavelengths X1 and k2. Optical pulses produced by 
the LDs 12-1 and 12-2 are multiplexed by an optical 
multiplexer such as a half mirror 13, a coupler, etc., and are 
propagated through an optical ?ber transmission line 14. The 
tWo optical pulses that propagate through the optical ?ber 
transmission line 14 are detected by a detector 15, and the 
detection result of the optical pulses is transmitted to the 
group delay measuring instrument 17. In the meantime, the 
trigger signal output from the pulse generator 10 is delayed 
in a delaying circuit 16 by an amount of time required to 
propagate the optical pulses through the optical ?ber trans 
mission line, and input to the group delay measuring unit 17 
as a trigger signal for starting up the group delay measuring 
unit 17. 

The group delay measuring unit 17 detects the difference 
betWeen the arrival times of the tWo optical pulses detected 
by the detector 15, and calculates the group delay times of 
the optical pulses having the Wavelengths K1 and k2. 

FIGS. 3A and 3B shoW the states of optical pulses 
propagated With the tWin-pulse method. 
As shoWn in FIG. 3A, optical pulses having Wavelengths 

M and M are simultaneously generated, multiplexed, and 
output. Since the optical pulses having the Wavelengths X1 
and k2 are simultaneously output at this time, the pulses are 
multiplexed into one and input to a transmission line as 
shoWn on the right side of FIG. 3A. HoWever, a group delay 
is caused by the Wavelength dispersion of the transmission 
line. Therefore, When the optical pulses having the Wave 
lengths K1 and k2 are received on a receiving side, there is 
a reception time lag betWeen the optical pulses as shoWn in 
FIG. 3B. Here, it is assumed that the group delay of the 
optical pulse having the Wavelength K1 is larger than that of 
the optical pulse having the Wavelength k2. 

Accordingly, a group delay time can be calculated based 
on the difference betWeen the arrival times of the tWo optical 
pulses having the Wavelengths X1 and k2, and a Wavelength 
dispersion amount can be calculated by using the difference 
betWeen the Wavelengths X1 and k2. 

FIG. 2 shoWs the outline of the con?guration of a Wave 
length dispersion measuring device using the optical phase 
comparison method. 
The optical phase comparison method is a method obtain 

ing a Wavelength dispersion amount not by directly mea 
suring a group delay time difference, but by acquiring a 
phase difference betWeen modulated optical signals, Which 
is caused by a group delay time difference. 

First of all, an electric pulse is generated by a pulse 
generator 10. At the same time, a trigger signal for notifying 
a phase detector 18 of a measurement reference time of the 
propagation time of an optical pulse is transmitted by the 
pulse generator 10. 

The electric pulse transmitted from the pulse generator 10 
is input to a driving unit 11, and an optical pulse having a 
wavelength A is output from an LD 12. This optical pulse 
propagates through a transmission line 14, and is detected by 
a photodetector 15. The photodetector 15 inputs the signal 
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indicating the detection of the optical pulse to a phase 
detector 18. The phase detector 18 measures the delay time 
of the arrival of the optical pulse With reference to the time 
at Which the trigger signal is received from the pulse 
generator 101. 

Then, the Wavelength of the optical pulse transmitted 
from the LD 12 is changed, and the above described 
measurement is repeated in a similar manner. As a result, the 
propagation time of the optical pulse, Which indicates the 
delay time When the optical pulse transmitted With the 
different Wavelength is detected on a receiving side from the 
reference time, may differ. This propagation time difference 
is a group delay time difference. When the group delay time 
difference is obtained in this Way, the Wavelength dispersion 
of a transmission line is obtained from the Wavelength 
difference and the group delay time difference. 

FIG. 3C shoWs the state of optical pulses used in the 
optical phase comparison method. 

If the input time of the trigger signal input from the pulse 
generator 10 to the phase detector 18 is used as a reference, 
there is almost no difference betWeen the travel distances of 
the optical pulses having the Wavelengths k1 and A2 at the 
reference time. Namely, the reference time is a time point 
immediately after the optical pulse is output from the LD 12, 
an instant When the optical pulse it output, etc. Accordingly, 
no in?uence of Wavelength dispersion on the transmission 
line has been exerted yet. HoWever, When the optical pulse 
having the Wavelength k1 is detected by the photodetector 
15, the optical pulse is in the state of being in?uenced by the 
Wavelength dispersion on the transmission line after being 
propagated. Also the optical pulse having the wavelength )»2 
is in the same state When being detected by the optical 
detector 15. 

Here, if the Wavelength dispersion of the wavelength )»1 
is assumed to be larger than that of the Wavelength k2, the 
speed at Which the optical pulse having the wavelength )»1 
propagates through the transmission line is sloWer than that 
of the optical pulse having the Wavelength k2. As a result, 
the amount of time required until the optical pulse having the 
Wavelength k1 is detected after propagating through the 
transmission line 14 becomes longer. Accordingly, a group 
delay time caused by the Wavelength dispersion of a trans 
mission line can be measured by detecting the difference 
betWeen the times When the optical pulses having the 
Wavelengths k1 and k2 arrive at the photodetector 15. Then, 
the Wavelength dispersion can be measured from the group 
delay time and the Wavelength difference. 

HoWever, since the propagation time of a transmission 
line is included and the group delay time difference betWeen 
tWo Waves is obtained from a phase difference With these 
methods, the propagation delay time of a transmission line 
must be accurately obtained. Additionally, the number of 
components such as LDs, driving units, etc. are large. 
Furthermore, a high SNR is required to make a phase 
comparison on the order of GHZ at a receiving end, leading 
to a dif?culty in securing the optical SNR at the receiving 
end of a Wavelength dispersion light to be monitored. 

SUMMARY OF THE INVENTION 

An object of the present invention is to provide a Wave 
length dispersion measuring device Which has a small num 
ber of components, and causes no optical SNR problem. 
A Wavelength dispersion measuring device according to 

the present invention comprises: a modulating unit modu 
lating a light output from a light source; a transmitting unit 
transmitting the modulated light to a transmission line as a 
Wavelength dispersion measurement light; a light receiving 
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4 
unit receiving the modulated light Which propagates through 
the transmission line; a ?lter unit extracting a sideband 
signal from the received modulated light; and a phase 
difference detecting unit detecting a phase difference 
betWeen different frequency band components of the side 
band signal, and is characteriZed in that the Wavelength 
dispersion value of the transmission line is calculated from 
the phase difference. 
A Wavelength dispersion measuring method according to 

the present invention comprises the steps of: (a) modulating 
a light output from a light source; (b) transmitting the 
modulated light to a transmission line as a Wavelength 
dispersion measurement light; (c) receiving the modulated 
light Which propagates through the transmission line; (d) 
extracting a sideband signal from the received modulated 
light; and (e) detecting a phase difference betWeen different 
frequency band components of the sideband signal, and is 
characteriZed in that the Wavelength dispersion value of the 
transmission line is calculated from the phase difference. 

According to the present invention, a Wavelength disper 
sion value is measured With the Wavelength difference 
betWeen side lobes of a Wavelength dispersion measurement 
light. Accordingly, there is no need to measure the propa 
gation delay time of a transmission line, leading to simpli 
?cation of the circuitry con?guration of the device, and a 
reduction in the number of components. Additionally, if a 
sideband signal is extracted by using heterodyne detection, 
the frequency band can be dropped from an optical to an 
electric frequency, and the phase difference betWeen side 
band signals can be accurately detected by measuring the 
electric signal, etc. Consequently, a noise amount included 
at the time of the detection of the phase difference can be 
reduced, thereby improving the optical SNR. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shoWs the outline of the con?guration of a Wave 
length dispersion measuring device using a tWin-pulse 
method; 

FIG. 2 shoWs the outline of the con?guration of a Wave 
length dispersion measuring device using an optical phase 
comparison method; 

FIGS. 3A and 3B shoW the propagation states of optical 
pulses in the tWin-pulse method; 

FIG. 3C shoWs the states of optical pulses in the optical 
phase comparison method; 

FIG. 4 explains a Wavelength dispersion measuring 
device according to a ?rst preferred embodiment of the 
present invention; 

FIGS. 5A through 5C shoW the states of optical spectra of 
respective units shoWn in FIG. 4; 

FIG. 6 shoWs a Wavelength dispersion measuring device 
according to another preferred embodiment of the present 
invention; 

FIGS. 7A through 7C shoW the states of optical spectra of 
the respective units shoWn in FIG. 6; 

FIG. 8 exempli?es the con?guration for heterodyne detec 
tion of the Wavelength dispersion measuring device accord 
ing to the preferred embodiment of the present invention 
(No. 1); 

FIG. 9 exempli?es the con?guration for heterodyne detec 
tion of the Wavelength dispersion measuring device accord 
ing to the preferred embodiment of the present invention 
(No. 2); 

FIG. 10 exempli?es the con?guration for heterodyne 
detection of the Wavelength dispersion measuring device 
according to the preferred embodiment of the present inven 
tion (No. 3); 
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FIG. 11 exempli?es the con?guration for heterodyne 
detection of the Wavelength dispersion measuring device 
according to the preferred embodiment of the present inven 
tion (No. 4); 

FIG. 12 exempli?es the con?guration of an automatic 
dispersion compensating system that passes a Wavelength 
dispersion measurement light through a variable dispersion 
compensator, and measures a Wavelength dispersion amount 
after dispersion compensation; 

FIG. 13 exempli?es the con?guration of an automatic 
dispersion compensating system in the case Where a Wave 
length dispersion measurement light is not passed through a 
variable dispersion compensator Within the system; 

FIG. 14 exempli?es the con?guration of an automatic 
dispersion compensating system in the case Where a Wave 
length dispersion measurement light is passed through the 
variable dispersion compensator Within the system; 

FIG. 15 exempli?es the con?guration of an automatic 
Wavelength dispersion compensating system that enables 
dispersion slope to be compensated; and 

FIGS. 16A and 16B exemplify the allocation of the 
frequencies of a plurality of signal lights, Wavelength dis 
persion measurement light, and local oscillation light. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

First of all, the normal relationship betWeen a phase 
difference and a dispersion amount is explained. 
Assume that the propagation time of a transmission line 

per unit length is t. Because this t changes according to a 
Wavelength, it is set as t The dispersion amount is 
de?ned as a change in a propagation delay time, Which 
corresponds to a Wavelength change as folloWs. 

dispersion amount=dt(7»)/d7~ 

A change amount of the dispersion amount is referred to 
as a dispersion slope, and is de?ned as folloWs. 

dispersion slope=d(dt(7~)/d7~)/d7~ 

If the dispersion amount is discretiZed, 

dt/d7»=At/A7» 

Here, the change amount At is proportional to a phase 
difference A6 as is knoWn. 

At M/fXAe 

Accordingly, the dispersion amount can be obtained by 
measuring the phase difference A6 corresponding to a fre 
quency difference. 

According to one preferred embodiment of the present 
invention, the intensity of light is modulated With a high 
frequency signal (f1) by using a pair of light sources and an 
intensity modulator, and the Wavelength dispersion amount 
of a transmission line is measured by obtaining a group 
delay time difference betWeen the sideband signals resultant 
from the modulation. According to another preferred 
embodiment of the present invention, the intensity of light is 
modulated With tWo high-frequency signals having different 
frequencies (f1, f2), and the Wavelength dispersion amount 
of a transmission line is measured from the group delay time 
difference betWeen the sideband signals having different 
Wavelengths resultant from the modulation. 

FIG. 4 explains a Wavelength dispersion measuring 
device according to a ?rst preferred embodiment of the 
present invention. 

6 
First of all, on a transmitting side, a high-frequency signal 

having a signal frequency (f1) on Which a loW-frequency 
signal fm is superposed is used as a driving signal of an 
intensity modulator. To implement this, a loW-frequency 

5 oscillator 20 generating an electric signal having a frequency 
fm, and a high-frequency oscillator 21 generating an electric 
signal having a frequency f1 are arranged, and a loW 
frequency signal is superposed on a high-frequency signal in 
a loW-frequency superposing circuit 22. Then, the high 
frequency signal on Which the loW-frequency signal is 
superposed is applied to an optical intensity modulator 23, 
Which modulates the intensity of the light from an LD 31 
Which outputs a light having a frequency f5. 

Spectrum of the light output from the optical intensity 
modulator 23 is shoWn in FIG. 5A. 

Optical sidebands fS—f1 and fS+f1 are produced symmetri 
cally With respect to an optical oscillation frequency f5 from 
the LD 31, and sub-sidebands —fm and +fm are respectively 
produced by superposing a loW-frequency signal. 
When this Wavelength dispersion measurement light 

propagates through a transmission line, a propagation delay 
difference occurs betWeen the sidebands due to the Wave 
length dispersion of the transmission line. This delay dif 
ference is detected at a receiving end. 
At this time, a location oscillation light source of an 

oscillation frequency fL (=fS—Af) is prepared on a receiving 
side, and this oscillation frequency and the Wavelength 
dispersion measurement light propagating through the trans 
mission line are heterodyne-detected. That is, after the 
Wavelength dispersion measurement light propagates 
through a transmission line 24, it is multiplexed With the 
local oscillation light from a local oscillation LD 32, and the 
multiplexed light is detected by a PD (Photo Diode) 26 for 
reception. The optical spectrum range before the Wavelength 
dispersion measurement light and the local oscillation light 
are multiplexed is shoWn in FIG. 5B. Additionally, the 
frequency spectrum at an electric stage after being 
hetrodyne-detected by the PD 26 is shoWn in FIG. 5C. 

After the signal obtained by being heterodyne-detected is 
ampli?ed by an ampli?er 27, it is split into tWo. Then, tWo 
sideband components are extracted by using bandpass ?lters 
(BPFs) 28-2 and 28-1 having central Wavelengths Af-f1 and 
Af+f1. Next, their intensities are detected by intensity detec 
tors 29-1 and 29-2, so that a signal the intensity of Which 
varies With the frequency fm superposed on the transmitting 
side is obtained. The phase difference betWeen the modu 
lated signals the intensities of Which are changed corre 
sponds to the propagation delay difference betWeen the 
optical sidebands fS—f1 and fS+f1. 

If the principle of the Wavelength dispersion measurement 
according to this preferred embodiment is put into an 
equation by being limited to the optical sidebands fS—f1 and 
fS+f1, it is represented as folloWs. 

driving signal of an optical intensity modulator: 

55 Fm(t)cos(2nf1t) 

signal on Which a loW-frequency signal is superposed: 
Fm(t)=Acos(2J'cfm t+[3) [Where A and [3 are arbitrary 
constants] 

optical signal after being transmitted: 

Where '5 is a propagation delay time difference betWeen tWo 
5 side lobes. 

electric signal after being heterodyne-detected 
m 
















